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^^Mr A>-§-§>^ ^Aj^A] Al^B^oflA^ 3 o. ^ ^ 

°J:^i4 w o v ^ ^ °H ^-2-^ ^ 3i§Hl 4^ Befl?| HM^-i- ^a] 

^-§- ^Ai^j-cf. m. ^vt^oi] W-s^, ^Al -fTEWl f£f I^tt ^Ji^-i- 

^ ^>i4 *>M- ^Al ^Eflufl- A>-g-sr>^ «:^H 

£. 6 

4^4! ^sHr f^- tff^h ^ai ^ -fjEBl, A]jr^ ^j-g-H], cfol^AlEl, ^ cf 
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^r*Hr ^ *}-8-*Hr ^Hd-f"*! Al^Efl^A^ ^-g- ^A] H o V^ 

{APPARATUS FOR ADATIVELY TRANSMITTING AND RECEIVING IN WIRELESS COMMUNICATION SYSTEM USING 
FREQUENCY DIVISION MULTIPLEXING} 

£ 2tt 4^ ^}~§-*Hfr Al^EfloflA^ aV^2|.^ *fl%| -np^o] $ oflg). 

£ 3-^ ^ti>^<?l 4^ *M*-*J-fe ^^d-f-^l Al^EjoHA^o] +X\ ^ Jf£Ul^ ^ 

^Sjll- uf-Efvfl ^fl-Sj-^ S^*} ijbol ( a )ir 0.28, (b)^r 0.48, (c)fe- 0.77, 

(d)^r 082^ ^-f-fr M-e|-\flcf. 

5E. 4^ neflo] o] S ^ aj-Ai o\) tyM. 4-QAM 16-QAM* A>-g-^ ^-f ^K£<4, 

^7lofl Sj-L} o]Aj-o} 0>Eflu|-l- AV-g-^Jl, ^AJ7H1 Al^O.^ ^ 

-E 5^ 421- 4-QAM, 16-QAM, 4-QAM a}-§-^- nfl , 
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£ 6^ 4€- ^ *>-8-*>fe -¥-5d#^l Al^Efl^Aio) 

£ 8^ 51 641 SA]^ ^-g- ^ #*H*1^ cfoltt^E) ^A] ^ZL -f£«l £-5. nfl 7 fl^ 
<r ^^71^ -g-4lj-51ojt}. 

£ lO^r AjA}^ofl ttf^ «^ *>-8-*>fe -¥-^1*^1 Al^eflo]]^ 

<11> M. ^ O. -TI|-^ ^ cf^S. A>-§-^ ^Rd^A] Al^EfloflA^ qo. ^A] 7 ] lg ofl ^ 

# 3-2-5., ^.nf •^l^Sfe 3£r n&C feedback)^ *m ^a] oVEfluj- 

^ *>M- °1 #3 *r*J *>-8-*Rr 3-8- Jl^t^a^ ^*Rf & 

^ ^>-§-*m Al^EfloflA^ ^-§- ^A] £ zl aj-^o]] ^ ^o]cf. 

<12> ^aflcq Cf^ ^^o. Al~g-*>^ ^^-A] Al^Efl^Ai^ £ lofl £A]^ 

4^71 (100)3 -f-JLS* 3? £S7l(l80)<M ^-Aj 5fl^(i20) 
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* ^7l(110)S = *M 130 &tt5L, ^71(110)^1^^ ^-S ^ 

4^7l(140)» <>l-g-*H °1» 4^1-^1, ^l^cl] ^--g-ti] ^7l(150)» f-^H (^M^t) <Q:£. 
tfl #-§-«l(160)« ^, °1 4^71(100)3. ^1^1^14. 7] (100H1 Aife 

^ ^1^ 1M ^71(170)* -§-*M ^71(110)^1^1 f-im^ ^Iscfl ^til(160)» w>%o. 

3 #S «o V ^ , ^32}- #3 t>^# ^^£S. 3-8-*H ^ ^S7l(180)ofl^ E 

eflsj cfl olE-l (190)1- ^-g- ^4l*K£^ t^-S^ ^-f-^! ^l^efl^ ^oIji -g-^ ^cfl 

^1^4. 

<13> 5W°J:, ^"#4 ^l^^Rr ^Bl 4# ^4 Al^EA^ ^ 0_ ( A^EH 3)]ol^ 

*1Hi4Mfe A 4 = ^fl^o] o>^ i^elTil *fl$|*r^ ^Hfl 

Si #«g-g- ZLtfl3 ^-§-Al7l7Hl^- « <#oJ uJJjL 7^ ^1 Al^^ofl ^^> 7 1 7 1. 

tiV^S]-^ ^7 r ^71 nfi-g-ofl « oJ=ol D fl-?" 71^1 711 3^-, «o V ^£r ^>-§-^V 

7l7f l-7>^^>Cf. 

<14> nfel-^, ^Jf^V 5. 2°fl 5L Al<£ ^ ^°1 , ?-)l^ #°l7l oj^ a_V^ 

^ ^l-(200)°-3 ^1-g-^ZL, ZL <?HH ^*fl Ai^cfl ^ul (210)5. Y 

3 ^4 Zlf-Sl sg-g- Al^cfl ^til(220) HL^r 3*1 A]jrc}l ^--g-al(230)» °1* 
^l7l^ ^lo>sl$Ji^-(T. Keller and L. Hanzo, Adaptive Modulation Techniques for 

Duplex OFDM Transmission, IEEE Trans. Vehicular Technology, vol. 49, no. 5, Sep., 2000, 
R. Grnheid, E. Bolinth, and H. Rohling, A blockwise loading algorithm for the adaptive 
modulation technique in OFDM systems, VTC 2001 Fall . IEEE VTS 54th, Vol. 2, pp. 948-951, 
2001 Page(s): 948 -951 2001 . 
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*IM<3 ^fl^^l^i ^f°Jsl ^rt ^em, "?HH *fl^<>i ^}y) «fl 

^=Mr ^51-1- ^l~§-*Rr -¥-^-§-41 Al^E^oflA^ ^ o. ^^Al ^ *J ^ 

31 

<17> aVn^ ^ JSL*^, ^-A] cfolalAlEU- A>-g-^ ^-Mfe ^lM" 7 fl^ofl 

A o v ^-^°l U^t!- ^l«r ^^. D Jr* *}-§-*H ^-§- #41^- ^r^^Ji, ^ spatial 
multiplexing)* -^7> ^JjL*h°5., s}u|.°l ^a] o>Efli4# Af-g- 

*Hr 711^1 ^ai o_Hfli4# AV-g-^H ^ cfol^Al^l- aV-§-^ tff^ 

<18> Aj-7] ^j-g. ^^7] ^VM-Sl ^-^loll °f ^l"^! ^^0^°) ^ -§- 

4^ #*1^, 
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^€ °J-^1M- «VA] , ^ 2 « 0 >A1 ^ olofl Sjj^ #A] ^^ofl n}H}- EEflS cflo]E]» Aj- 7 1 ^A] 7 ) 

<20> ^7H, Aj. 7l £ jajr^ tiVAl ^ ^A] ^ ^^r, «j-Al^^ 

^ ^"AlS-^-Ei ^m^. ^71 ^A] ^.ZL o. iti ] nfljfl^^ofl cfl-g-S]^ ^ ^£|<H 
S§^Al-^l tt)-S- ^A] ^ Eflo]^-; Aj-7] l£ S -ijLJrs}. yJ-Altf J2. S ^ 

^A]A]Jr cfl A^H) Efl 01^.(511)0^ #^5^ ^ ^ A o V ^ ^71 ^SHS S^aVSHI 4 

^ ^ ^7]- Eflol^-^A^ #^5)^ iL^3b°r *}-g-*H sflig- oj-^ul H J-A1 ) ^ ^ 

^-JlS)- ^Alo]] cfl*V *m ^*}±r &*±*m ^^7); ^ Aj- 7 1 ^A]^^ ^^HH 

^ J^&Hl ^-§-51^ ^Efluj- «VAl , ^ S ^ JjLJr^. wJ-Al-g. ^fr}^ ^7] w-^2|- ^ 

<21> 0^7)^, Aj-7] ^a] nfl 7 l]^^ #7l ^a] A><g^ ^AlAj^cfl aJ-o. 

Sj^ji). ^ffj§}-^ JL^^A> i^t)-. 
<22> i£*V, Aj-7] ^A] SZL -f^W] ol] 7 fl^^^, Cfol^AjEl ^A]^ A>^>^ T^ofl^ #7) 

^A] ^1o]1a^ A>^^ Al^cfl ^als] Ajfl-Sj-^ &°}31, ^#5)- 

^->-§-^ ^4-<Hl^ ^71 ^A] ^loflA^ AV^^ ^#*fl^ Al^cfl ^tilo] ^^-^ ^fl- 
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<24> ^v^ofl^ ^Ai<g a]-^ ^a]^ 41^5}^ ^-s ^ ^-sSHf ; #7l ^ 

se^ ^J-S-w]# ^*H=- ^Jltfl #-g-*l ^-*f ; ^ #7l ^Jlifl ^-g-ul #^7H 

>H ^ ol^- HL^r ^llnfl ^«1S^-Ei tt Jfjr ^ iflsj ^a] 

zl -f£«l ^fl^ ^S^* i^-tbcf. 

<25> ^7lAi ; ^A] ^ o. £til Dfl 7 fl^ ^^Nr, #7l Al^cfl #-g-tij -^^H ^ ^ 

« OjS. Aj^cfl Aj-^-alS^fEi ^ Aj^cfl ^Hj^ Cfol^A]E] ^A] ^ 

H -fHtil n|l 71] ^^1- ^^^H #71 ^ #AlS CfolHlAlE] ^A] SZL -o £«1 uj^fl 

^71; ^ #71 ^l^cfl ^-g-Hl ^jjLoflA-l M€ *fl\l SE^r #:M ^al^E^ 

^llcfl ^-g-til!- £#*H ^ S.=l -f£Ul nH7H^^# ^^o} # 

71 ## #A]S. #^*Hr t^sf ^ nfl 7 ]l^^ ^^7l# if-*Vcf. 

<26> Aj-71 cfo]wlAlE} ^A] ^ O-^u] nfljfl^ ^7^, #7l Ajjrtfl 

7lS^-Ei tb ^ ^-i-fjL ^/^A] o>Eflufrt *flv| g:i=. Ajjrtfl ^Wl* 

Ai -SjLJr ^-S. ^o^ z| AJ^-O! Tj^j- ^11^ cl^-4 Aj^cfl *hg-Ul# ^1^- 

<S#7l; ^ #71 ^fl^ ^#7H1A^| ^o. ^ a.^ uHo) Aj^cfl Aj-^-tilo] ^ 

^ S$^A>» #71 cfoltHAlEl ^A] S ZL ^-£til Dfl7ll^S. S>o1 #71 ^ 

^1 #AlS. ^^1*>^ ^ ^ff-S}-^ S^^Af °l#7ll- i^-tbcf. 
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<27> , ^71 cf^Sl- 5L=L nfl 7 fl^ ^^7)^, #7] # 

*V -¥-Jl ^ vflS] z]- aJ.m.0} ^fl^ ol^- «g^-g- o) sg^s] Singular Value 

5E^r *ti^ Ai iE) ) ^*Hr ^tV <gA>7] ; ^ *fl\| ojs. 

£<&7}3.J?-iH ^ t> ^-7> ^ ojs. ^ ^ fl ^ Ai^cfl ^--g-al^ 3g-g- 

^ 3^3^ £§£*r« #7l Cf^Sj- ^A] in n^fl^S. *H ^"71 ^ 

4! #*13. f-ll«r sj-g- ^ ^fr^r€ £^S*> <3#7}«- i^tf. 

<29> a ) ^efl^l <£A] 7j^O^ gc fe Sgjoflff ^Altf}^ ^-Tfl; b ) 

Aj-71 ^Al^ H^Ofl^-ofl Cflgfl Aj-7] ^A] ^}S.«Ei ^S)0] ^^-S)^. ^A] ^ 

2: ^ ^5}- «J-A1JJ|. ^A] ^^O. C^j; g c ) Aj- 7l Oj-Eflu}. Hj-Al > ^ «. 

<30> ^7H, ^71 b) #7fl^r, Die] <£*>Sj.^ ^A] SZL ufl 7 fl^^oll tfl«H #7] 

3"§- ^ #*HH S.^- ^lM" U o^, £ H cM3 A^^o. D]S ] 

*l#Sfl ^1, ^"71 ^A] ^-^^«Ei ^A] SZL -f t^a] D fl7fl^5^fEi Zj- o>Efluf « 0 >Al t 

<31> 5£tK a o V 7 1 b) ^Tfl^r, Die) ^^]Al 4 o>tflu]- w o VA] f ^ S ^ « 0 VAlofl cfl^fl ^-fi 

vfl7l ^Sfl 3&£L® ^ -yicfl ^ta]^ Aj-7] ^a] ^^El ?-ll^r^ ^A] m 

^-JEWl n fl7fl^^Sl-2] ^.'Aj-^JL, ^A] ^ S «. E i ^A] JLZL nfl 7 fl^^ 
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<32> j£ tj-^ s-^ofl ^Hd-f-*! Aj^Efl^A^ q o. wj-^ o r> 

< 33 > a) #*]5.^-Ei 2}-°^^ S^r HBl«g-ir* -f-*H -¥-3l ^ ^ ^1- 

€ tb -^Jl ^ A ZfZj-o] #A] oV^m-S^-B] ^A] *fl^ Ol^-O. 

C) ^"71 <£a>^ ^A] SZL o. £ a] Dfl7fl ^^ # Aj-7) ^A] ^H*^ ^-g- ^A]^- o^fl 

<34> o}eJHH^r ^JjL^ *H ^^1 ^Al^ofl cfl^H ^r*Rr 71 

# 7>Al 7> 7 > -g-Ol^Tfl AJA^ ^ 0X5^ 

¥ <^ 7>*1 Aj-o]*}- ^EflJL *r $XSLX$ <^7HH J£r$f>}^ ^AHlofl 

-fhM-tb ^-^l *fl*IMfe ^Htb -^JlS- 

<35> ol*>, ^JjL^ %1-S^>^ £ ^Al^ofl Cf^2}-1- A>-g-S}.^ 

<36> £ 3-^ 4# *HJ-*>fe A]^EflollA^ ^a] OJ «. 

M-b]-^ S^^^l- ( a )^ 0.28, (b)^ 0.48, (c)^ 0.77, 

(d)^ 082 q-Bj-^cf. 
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< 37 > £ 3^- f25}ig , 20MHz 20487fl^ -^-^^l- •*>-§- ^ OFDM Aj^oflAi *flv| 

*m = 3.^*1 °1 AA (OdB, -1 dB, -9 dB, -10 dB, -15 dB, -20 dB), (0 

310ns 710ns 1090ns 1730ns 2510ns)^ ^ (log likelihood ratio)^ ^-JE. 

<38> o} 7 H £ 3^ (a) ^ (b)ofl E*l€ 3t7-SJ-€ at 3 ^M ^(Normalized 

std)°l AS: ^-^-(0.28, 0.48)^1^ 7>-*M o> o. s eA>s|-tr ^ -^SKf 3# ^ & 

4. °1 ^-f°fl^r 7>-f ^3!^ S^€*> ^7lS ^ 

<39> £ 3^1 (c) ^ (dHl w}<2]- ^oi, ^-ffsj-^ if^^ €■ 

(0.77, 0.82)°11^r 7]-^a1o].o.s. 5-a>^ ^-i^f ^ ^^-7]- ^#4. HLth 

<4o> ^*HHl*m ?m ^3±s) <#^g- #oi7i ^*fl ^fl-sna s^*r^ & 

°1 *M: ^fl-SHS # ^-f<H]£ It^^S] &o} ^ 

°flSf ^ oj ^-fofl ^3)-^ a^^^ § nflofl^ 

^ ^l^f" ^ ^71 afl^-ojl ^Al *J§]ofl nfAl^ Jf^o) *Vc]-. ^ijV, ZL <£ 

£r ^-^Sl 3=LJr o-o] ^-O.^ 3*1 SlJl ^ 7$^-o\}^ v}^o] S\x]°Y, o] 

^-foflSr ^7lofl^ ^A] SZ1 ^-i«lo| i^^^ 7 } H^Hr 3* <&ZL 5^71 nfl-g-ofl §7^ 

^^1 ^1^* °4-ir z)^: ^ Slty. 
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<4i> 5E.th ^3 7flsj o>Bfli4«q- ^a] ^EflM-l- A]~g-s]-^ ^a] cfol^AlE)!- A>-g-^ 

<42> £ 4^ ZiEflo} oi^tg h 0 Vai o)l ^-E 4-QAM4 16-QAM-§- ^f-g-*>^ ^-f 2] ^a1 7 ] 

<4 ^A) 71 ofl olAj-o^ o>Efll4l- AV-g-^JL, a} a] ^Al7H *V&^2\- A] #0.5. £ ^Aj-^ol 

<43> E 4011 w]-^ ^-o], ^yj-Ai-g. ^,^01 0}=^ « 0 VAioi] 4a M-QAM(M=2 2n )^r A>-g-^- 

n M=4tl M=16Sl ^-f^ ^-£3]-, &<$.7]&r ^$]7H*1 *>M- <£31M-» Af-g-^- 

<44> zj- ^-^fl^ol Al7>4 tiV^ofl cflSfl *J- ^.AV^ol fl 7 | nfl^oll ^A] 7 1 ^^oflA^ 

AI7H1 ^ 5U4. 

<45> ^ *r ^A] o>Eflu|- ^ Nro] ZtZ} lOl ^-f-f. ^ Ajz^-^-tq-. o] 

^ 4-QAM^ -flzl-^tf. o] ^-fofl^ 2«1 E£ «>M-^ 

^Aj.^ iflofl^ 7i&]7f 2.^- ^-7] nfl^-ofl zj- ti] S ^ ^ ^A] SZL 

#7fl If ^ oim^7> IS. ^A] Aj^-olef sfjl, ^A] Aj^ 

^ ^-sl^i, y» ^a] Aj^-oie)- 3t>j 1) /laf z=Zi+jz q ^. ^ ^ 
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<46> 



>> = hx + n 

z = h'y/\h\=\h\x + n' 



A(x°) = log £ Pr{r||/i|x}Pr{x} -log £ Pr{z||%}Pr{x} 



1] 



<47> , 0 

^7^4, 3§-g-o] QolJL 2<x 2 o] ^ ^-§-°U, A(x 0 )^ X o] ^a] ^ 



H/V2'o]ji «-A]-ol o- 2 o] ^ff^-i-i- 7M£S, A(x°)o] w.^^ 5g^.o] H'/^ojji «-A]-ol 

to, /=<),•••, L-io]^. ael^, zl JfJ:. « HlEo) ^.zl 

2]sL ^ 



<48> 



SNR 



£{A(x*)|^=0} = lglAJl = 2 ^ 
Var {A(x*)| x* = o} = £{a 2 (x*) | x* = o} - E 2 {A(x*) | x* = o} 



o-2 " + ^ 
C7 <7 



L-l 



m 



\^+A 2] 



SAT? 



Lto 2a 2 



L-\f\U \2\ 



Z, /=0 ^ 2cr 2 j 



I 1 y!M 

U^2a 2 
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<49> ¥-5L ^ tflsl ^^2] ^a] SNR^l ^-^r -g-^ilsL -*fjL 1-^-^ ^ 

<50> oj^l ^av^o] M-QAM^l ^-fl- Agz}-3fl ^.cf. M-QAM^l ^-f^l^r ^#1" Zt$] ^W^ZL 

»7l nfl-g-ofl zj- UlH^ ^ +5.*] ^£7} ^E^g ^ olcf. ffj-eH , 

^ SZL -f itilSl ^-i^ Zj- Hi E^l ^ -^5L«1 ^-iSl M-EfM-Tfl gcf. 

£th cf-8-sl 3]4 ^41 szl ^sai* e^^- ^ 

<51> , V X v 

A(x°) = log X Pr{z||/z|x}Pr{x} -log £ Pr{z | |/i|x}Pr{x} 



*log(max xe;r0 . 0 Pr{z||/2|x}Pr{x})-log(max xe ^ 0J Pr{z| |/*|*}Pr{x}) 
3] = Euclidean distance difference/ a 2 

<52> lz,l 2 2 

-fr-tHl-EL TlSl^- n ofl tilsfl^S., ^ i£Hlb W /ff2 <Hl «1 Bll^Kr ^ S ^o. 

T SU. H 4^-21 [^4] 4]Sf ^ ^Efl# 

<53> 



E{A(x fe )|x* =0}ocw 
[^fl^ 4 ] ^ar{A(x k )\x k =0}ccam sm +bm 2 sm +ca 



2 

SNR 



<54> nJ-BH, M-QAM-g- i#*)SL3. Jf^ m-s. vflo] SNR^l 

<55> ^7H1a-1 N T ?i\2] oy t]] ^ a}^*}^ aI^tV g&fe ^2Hr -¥-Jl(Space 

Time(Frequency) Block Code)* AV-g-^ji, ^A] 7 |ofl NR. 7 fl^ o>Eflu)-l- A]-g-^><^ 4°]^ a] 
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3 44i °l^^r ^"ej- *V^, ^cfl# ^(Maximal Ratio Combining) ^ £^ t|- 

[-^ 5] ^ ^tf. 



<56> 



z = A '| x + n n 

\u 



5] a=0 6=0 



<57> n}^, t\^- ^EflM-l- A>-g-*H A}-g-£>^ ^-fofl^ JjLJr <&S] Zj- ^ 

#n>cf c^e^ oj-Eflq-sl *fl^ o]^ 4^- ^ ois. /i/'/- /=0,-,L-l t A}-g-*H 

°Jr^lM-l- ^ A>-g-tj- ^-o^ D}*} 7 }^ ^Al SZl ^Sf ^ ^ olcf. 

<58> 

o>*iq-0.3. ^7lofl^ Nr 7 fl^ A]~g-S}jL ^^ojH N R (^Nr) 7 flo] oHflufi- 

^1~§-*H tf^CSpatial Multiplexing)* a>-§-^ 3 -f-g. ^z^cf. o] ^ 4. zj-zj-o] 

=£41 M-QAM* ^^M, ^ «£3l*-Hr ^ ^ *i^4 « 0 V ^ *V 

*r«H] 6] 4 ^4. 

<59> y = Hx + n 

= UDV"x + n 
6] H = UDV" 

<60> <^7]A^| i 
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f$o\ h a , b o] ^^olji j U, D, H9\ Singular Value 

Decomposition^ *Str ^ ^l°lcf. 5Etr, ^ Do) I tflz}- ^ 

singular valueo]^. ne^, -fr#^ 7]s]^ cf^g-^ 7]-4 z><>1 ^ 



<61> 



y - Hxf = U(U"y - DV"x)|| 



= y'-Dx 



a=0 

y' = Dx'+n' 
y ' = U"y, x 1 = V" x,n 1 = U"n 



<62> 



<^7l^ f lis}- V±r unitary matrixes, ^efl ^a^oH^o] t}. 



^1- ^ ^ 



X. -JC.. 



r 



V"x-V";t 



-< -vii q vs. q-^ ai^- ^o) ^ 



<63> 



<4sM , ^ 1-^- vfls] z}- a}^. bj s N T7 fl^ SNR-§- o]o) a^^^>l- ^f-o.^ 

£ 5tt ^"^^ ^Al^ofl n}e} 4-QAM, 16-QAM, 4-QAM 4^^1" -M-§-^" «fl , 4^ 



<64> 



£ 5°fl £Al£l z)-oj ( ^A] jrj^-o. zj-tiej-iE ^fr^ 
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(stdO)sl ^fl-s^g If^j^ ^o. ^o_o) (all)sl *m 4-QAM^ ^ 

0.8dB, 16-QAM4 3dB 4-QAM 4^sfoj 3 o_ 4dB ol#ol4 4^ 3}^ ^. ^ 

^, ^IStfl ^til^ Jg$n>.g. A}-§-*}^ ^^.4 ^Al #0]J7 ^^-g- 7]]^^- ^ Ol^ 

<65> £ 6^ -g- ^aHH ^ ^-^ A]~g-*}ir -¥-4i-§-4l AliEflojl^o) 

Aj^Efl^A^ ^ o. ^ A] 7 ] (500) * >-Al 7l(510) S. i^tf. 

<67> ^A1 7 ]( 60 0)^ ^^j7l(500)S^Ei Hel^l-Oluj- 4<y^O.S^-E-1 Al^cfl 

7l^H *r4! ^3!^r ffl7fl^^# ^71(500)5. 

<68> 71(500)^ ^7] (510)5.^ ^ZL -g-i ofl7}]^^ofl 4^ ^3=)^ 

<69> ol§ ifltfl, ^ A] 7 ] (500)^ ^ 2 ^ JjLJrSI. tij-Aj ^ ^Aj ^ ^71(510)4 ^ 

^S7l(520)« 

<?o> ^7H, £ 7-gr %^^, <£S £ «j-Ai £ ^a] ^3 ^^71(510)^ 

Eflol-l-(511)4, ^71(600)3.^-3 -g-3E. ^H^o]] cfl-g-£]±r J±#& 

o] ^^£]<H Si^b If^^M 3-g- ^ ^7} Efloi^.( 5 i3)o. ^ 
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43. Jgtf 444-£ Cfl 44«1 Efl 0)^.(511)0)1^-1 #^5)^ 4^ J±##3f ^42}- 

€ a§€*>«M 4€- 44 #3 47} Eflo] ^.(513)0)] Ai ^ JS.4&-S- «fl^ 

43l4/£2/4:i:3l- w^ofl cfltb ^3 J±43M- ^*Rr #4^13 ^^71(515)5+, #4^13 
^7l(515H14 ^€ 43 J£#3H 31434 oVEfl^/^^/^-JlSl- 444 
^ #24(520)5 4^44 <£3l4/#2/-*M:s)- 44 ^^7l(517)» 5.^44. 
<7i> 4^1 £ 6 4 #2^, 444(600)4 4471 (500 HI 4 4434 lel°»t, sj-oj 

91 g Hefl^ clMEl* 42 g 42 ^ 4^71(610)^, 42 * 4^44(610) 

°)H 42:^ H^<g4°W 4<^3H1 5L^-€ 4 4s 44 4^1 4S31 #444 4^44 43l 
tfl #4«1 4^4(620)4, 4^4 444 4^7l(620)«HM1 M€ 44/44 ^BflM-t ^IJLtfl 

44«l54^ 4^1" *fl^ ^jLtfl #4«1«- 44*H 4°1*144 44 CL^wl « 5£ nfl 711^ 

44 4471(500)5 #^*Rr CfoltilAlE) ^A] SZL O-JEtfl nfl 7 H^^ 4^7] 

(630)2]-, 4^4 ^71 (620)<H1 4 ^£ 44/44 oj- El) u(.tf Ai^cH 44*1544 4 

4 4Jl4 ^l-alt 4444 44 4^4 44 451*1 43. 4711444 

4471(500)5 4^44 44 445}- 44 5^z. 451 Hi 45 4 7fl£4 4^71(640)4 
4. 

<72> O^H, £ 84 % v 244, 44444 44 5n 451 «1 45. Dfl 7fl^4 ^^71(630)4 

4^4 ^-4«1 4^71(620)54^ 4 4s 44 ^ ^4 45 44/44 444^ 4s^ 4 

4*14 ^W, [4«h4 5]444 ^-O] JjLJr ^-S. uflOl /B)^ ai^-oi ^ ^ oi^. fa' 4 ^ 

Ml 

^ 4s4 44*1 ( 2^ )4 44*1-4 ^ *ti\i °14 <S47l (631)4, ^ *fl\i °14 4471 
(631H14 444 ^ ^llcfl 4444 ^fl-sHS £4444 444 444*14 44 

4s.nl 45. °11 7H ¥145 #344 £ 5444 4471(632)1- 5444. 
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^, S. 9# c)-f^ ^a] -fJ£Wl -g-JE °l)7fl^^ ^^71(640)^ <0 

JfJ: -M /#*fl *flvi o)^ ^ H I a>#^ °1 *3li4 Singular Value 

^j,i-0,-,N t -\q ^ ^.q Aljrtfl ^-o. Hl 2o- 2 l- <£^Hf}^ -^?_V ^^7] 

(641)3]-, ^?_> ojs. ^A>7l(641)ofl>H ^JL 1-^ ^ *fl^ ^IJLtfl # 

3*Rr ^ 3> S.^*> ^^7] (642)1- JL##4. 

tHS, 4^r4 *>-g-*>7> Sife- 4^ ^ Al^ejo^ ^.fofl^ 4^ =r^7l 7> 

£31 n]Bl ^«fl^l ^JLSl^oj] 4^ -a^-l- Ajgj^o^ $tj.. o) , #Ai7l(500)^ °Hfl4/ 

^S/^-SSf- «^ ^^71(517)^ 7 r ^ A]-g-7> Z|^o) ^ 2 *j «VA1 cfl 

75>c*| Zj-Zj-O} A}-g-*} IS <£S^-J:S|- ^fS. ^ ^ tflol ^(5H)i). ^ 

ifs}-^ S^*rSH] 4€- ^^1 ^3 ^7> Efl 01^.(512)^- ^.a} z| ^3 ^.^sJr-i- 2. 
^4 #^ (QoS)^* aI3j*M ^14/^S/^-S^- *JM £ #3(578) S^-fr 

^4. 

°1*>, S. 10^ y a Vt 34 ^*HH rcj-s -5}.- t^fl^. A]-g-^ ^ 

^i, ^Ai 7 ](500)^- 44 ^«fl*l ^ €3(P_pilot)°-5. 5E^r =r^l 

71(600)5. ^fWSlOO) . 
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< 77 > ^a] 71(600)^ ^7) (500)ofl^ 5Exr Hs| 6 J1-# **H ^Jl ^ 9} 

^^s] a\g*q o> Efl u|. s «. El ^ ^EflM-^o) ^ ^ o]^ h u *-» 

^W(SllO). 

<78> 4^", ^7l(600)fe ^ +S.*]£>\ «£ t "IW^Sl ^A] Aljrcfl #-g- 

<79> ZL ^, ^A]7l(600)^ ^-71 cfol^AlE]2f ^7_V tf^^ ^A]o} =^A] Aljrcfl ^ 

«13 J^-g- & S^Sf* .4^71(500)3. 3**1*14(8130). 

<80> tb^, ^71(500)^ ^*]7l(600HH ?^£)^ 4o)y]A]E]5f ^ . t^JJ- ^a]o) ^ 

(S140) . 

<81> nM°l-O.S. ( ^a] 7 1(500)^ #7] #7fl(S140HH °J^m-/^^/tL^s}- S\- & 

41 #3-° 3 BEfl^ oHojE^l- ^a] 7 1( 6 oo)S ^-g- ^tb4(S150). 
<82> ^5g ( # 7 ] ^7jl(Sl20)^ ^-o] J£t} ^3)13 "?1 J^-g- -f-Sfl ^^^cf. 

<83> ^7-1, ^Al7l( 60 0)oflA^ Cfol^AlEl ^A] SZL ^£ ti ] -g-^. ^ 7 fl^^ ^^71(630)^ ^ 

^^71(631)71- 4o)^AlEl ^A]o} ^ ofl^g. ^sfl ^/^A] oV^uj-o] ^ o] 

^■-i- s)^^: ^ *ti^ <3#t!:4(S121). 

<84> ^ ^ ^ ^ S^a}- ^^:7l (632)71- #71 S?«(S121)^^ <£#€ tb ^ 

Vfl^ Sfl £ OlS-oflA^El ^ Al^cfl Aj-^-ti]^ jg.g. ^ Ajfl-gj.^ if^7lf ^4 

(S122). 
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<85> t£i& t ^Al7l(600)<Hl^ Cf^Sj- ^Al °fl7fl^^ ^3 71(640)3 

^ °1^ ^H^l singular value* ^^4(S123). 
<86> zl g ^tWS 3E.^*V ^<l>71(642)^ #71 #7fl(Sl23HH ^- -^JL 

vflSl ^?_V *fl^ o]^-^«-Ei Ajjrtfl #^1°! ^.g- ^ ^ffS^ 
(S124) 

<87> sEtb, #71 #7fl(S140)51 cf-g-uzj- ^-o] ^.cf ^afla^ -f-tfl ^^^cf. 

<88> ^ a] 71(500)^ ^ H o v ^ 3? 4^1 ^i^ ^7] (510)^ °J ^ S. °N] u}-/ 

te/^JLs|- ^tWSUl). 

#-§-*l #71 <2:7lKS64lHH °j3]4/i£ 2 /y.jrsl- ^VAiofl rt)-e). ^Bfl^l ^-0.$ 

58 5 *r4l -tlStfl ^til ^ ^ofl cfl-g-sl^ #3 i#^(P_mean)* 7^^(5142). 
< 90 > ^fl-sj-jg 3H1 ^ #7> ElH-g-(512)-& #7l #7ll(S142HH 

^ ^IJ:^ ^0]^ ^fr^ a^*} &H1 tn-g-si^ iL#3KP_std)» 711^ 
cf(S143). 

<91> ZL ^, ^^Ja] ^^71(515)^ #71 #7fl(S14lHH ^lMV^S/^s!}- 

^i-S. 4^ ^(P_tx=P_pilot+P_mean+P_std)* ^#^^(5144). 

<92> Cf-g-, ^A] c-HojE^ Oj:^ ^A] ^^Ol 7l§# ^e>^l J&^H H^*l SM: ^4", # 

7l ^-TlKSUl, S142, S143, S144)» «H*-*H ^Efl^/t^/-^ jr^}. <d 

^t!:Cf(S145). 
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<93> c^o] A>-g-^ 7 > ol^ Cf^ ^ A^E^S] ^Oo|]H | ^- 7 ] #31(140)7} Cf-g-Sf £ 

<94> 7}^ ^>-§-^> ^ 4^ ^M/^S/^J^ ^l-Alo^ 3.^.0. ^^^ ( ^cf 

3-°sL^r <y*H o.sl 7}-^ ^)~§-a} ^ ^-4^ ^M/^S/^IS)- "j-^ 2^g- 

<95> A>-§-^> ^5. ^ ^A] Aljrtfl ^^.a] ^ ^7)0^ ^£ Sfl^ A>-g-7>>^ oj- 

P_mean^r 

<96> cf-g-, 4 ^A]7l (600)5.^- ?fl^ ^A] Ajjrtfl ^Hl^ ^fl"^^ 

*} *W ^-§-5]^ iL^lt P_std# 31 

<97> nf-g-, Zj- 4^-7}*^ #7] 9}llM/^/^3L$± ^ ^ 

P_tx=P_pilot+P_mean+P_stdl- ^^t^. 

<98> ZL ^, ^A] c-flolEi <y=4 ^A] ^^o] 7 }^% 

H^^l ^g-f , A o V 7 ] 7 |^# ^*}^r Cf^- Af-g-7f Cf^- <LVEflM-/^S/-^-J:5}- 

^o. ^Efl^ nfl^ Aj-71 4^0] 

<100> ^o\) ^A] o-^aj « £f ^°}|- ?-l|^-Al^ 2^ ^Ji^to 
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<ioi> 21 ^-§-^1-^ Al^^oflA^ °£5) n&^^SLS. ^* % ofl 

^-§- ^ 5^1 ^EflO] ^-,g. ^QJ - Oll^. 

*r 5U^1 *>oi 7>^1 «<H^ 3 "8-3-2.3. A>-g-^H ^-S^l Al^ejo} ^^-ir £<g 
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[^t 1 * 1] 

^T^Hr £^ A}-g-S}^- ^-f-<0 Al^E^oflA^ aj-g- ^A] ^ofl OlC^A^ 

^ ^ ^ ; 31 

13^8" 2] 

*fil^°fl 5fl<>H, 

^ ^lS^-E] Aj- 7l +X\ ^ZL nfl 7 fl^^ofl 

•fl^l 33 J£#3JM <M3<H $l^= ^ 33 Eflo]^-; 

&4 #7l ^A] nj^fllg^ ^ 33 #7> Eflol^-cHjAi #^5L|^- 3^ 
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3] 

A o V 7) S.ZL -fit)] ofl 7 fll£^ 4>7l ^ofl^ AV^^ ^AjAlJrtfl ^Wl^ 5g 

4] 

«J-^t i^-^ol ^^£]c^ oJi=. ^A] ^ ^ 7 > Eflol^-; 

s^*Hl ^ #3 ^7> tfloi^H -fr^^- iL^sM: A>-g-§H *fl^ 

^31*4 ^2: ^ -^JLsf «J-^oil tfltb :£#3M- ^*Rr 3^!^ ^^7l; ^ 
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# i^Hfr Al^Efl^^o] 3 o_ ^A] 

5] 

^a-^ af^^} sM^n. 

3* f^AS ^ Al^EfloHA^o] 30. ^x, ^ 

6] 

^*Ht ^ ^>-g-^ Al^EfloflA^ ^-g- -A] ^ofl OlO^, 

^a] ^J-^oilA-] ^a]^ a]^^. ^a^o) ^-ssf-s]-^ ^ 41^; 

■If- \J\9] ^ 0}?=, BE^ Al^cfl ^--g-till- <f^SRr Aj^cfl ^--g-til 4^JjL; ^ 
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vflcq -A] ^ZL -fiEWl^ ^7fl ^"71 #*HA^ 3 

S. #^Rr ^ nl|7fl^^ ^^71; £ 

^•71 ^-#al ^Jfofl^ ^fl^ ojs- ^Iscfl ^alS^-Ei *flv| 

^ ^tfl <^AV*H C^SJ- ^A] o-^til n)]7fl^^# ^7l <£a] 

# 3L#s>*r ^-§^1 ^lili^s] ^A] ^i. 
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^7} *L£tfl #-§-^1 ^7}sL^ *V ^ vflS] ^£-^3. #/^*l oVBflM-^ *H£ 

#-§-«l* ^Hr ^ ^ °m ^<l>71; * 

^71 ^ *|)^ o]S. o^HH o. ^ a. 3- vflS] ^tJ" ^l^cfl ^Hl^ jg^Bf 

Sf^^t ^71 Cfo)^AlB] ^Al 0.5: a] D fl7fl^^ S ^o^ ^-7] <£<0 

9] 

A oM ^Jxcfl ^-i-til ^^71^-^E^ tb ^ M ^ 4 *fl^ o]!^ ^-g- ^0} 

*\, °1 Singular Value ?A ^JJL^ ^-§-wl» ^Kr 

^"71 ojs. o^lS^M ^ ^ «.jr -g-^- ^jo] ^ ^ o]s. ^ sn.# 

l^^ty 10] 

^^Hr ^>-§-^ -¥-^1^ AliejoflA^ 30- ^a] uv^ofl Sa^H, 
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b) #7] 4^3} g:^ S^on^.^ cfl^fl ^-71 ^a] #*l5LJ|L E i ^^o] ^s)i- 

^"71 ^ #*lsL ^J«m ^711 

1- if-*>^ Al^E^cH}^^ 30. ^ u ^ 

Hi 

^110%H1 5^^, 

^"71 b) #31^, 

Dl^ <#7>3}-£ D fl 7 fl ^ofl tflSH ^1-71 aj-g- ^A] ^-^oflAi A}-g- 

s]^ £.€- ^ ^ «J-ai^ "75" "s" *i#*fl ¥ai, #7l ^ 

« ^-5. ^7T* ^71 ^*fl ^^.tb ^ 7)1^ ^ ol^ 

3# ^ Al^^^A^ ^A] yv^ . 

12] 

^lio^i sa^i, 

A J"7l b) #31^, 
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^J-i: ^^-S ^ ^-*}-§-^l Aliefl^A^ a^-g- ^a] 
13] 

^110%H1 Si^i, 
^71 b) #31^, 

t> ^ ^tfi #71 ^A] fll^ ^A] ^l^tfl ^-g^o] 

S ^ -¥-3l31- "J-^H tfl*fl ^71 ^*fl C) ^A*V ^ #3-§: iL^}£^- € 

[^-T-H- 14] 

^=Mr ^>-§"^ Al^Efl^)^^ ^ ^A] HVtg Ofl OICH^, 

a) ^ ^a]^ s}-^ H^^l-i- ^ l-s- ^ a_j "M" 
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b) #7) ^ 1-^- ^ zj- aJ-H-o} z^zj-^ ^a] oHMiM^ ^ ^EflM-S 

C) #7} ^A] Sa -f nfl 7 fl^^» #71 ^Aj ^H^o] ^-g- ^Al^- o^^fl 

^7l ^A] ^jg. ^ ^A}<5>^ C^Tjl 

1- Ifsfe ^"f^l Al^EfloflA^ ^o. +x\ ^ 

15] 

^"71 b) ^TlHH, 

z = |/z'|x + n" 

W"^ 0o]jL «-Aj-ol 2a o] 4 A- ^fl- , 

Z*. 0/-- / L-l(L^ jjLjr ^ oycq ^m-cq 7 n^)olj7 ) 
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#7l ^Sfl*! ^ ^IJltfl ^Hl^ ^ g ^tWS S^*>7> #7l ^ 12 4- £ 
16] 

#71 b) #3HH, 

#71 ^A] ^ 7 > ^> Cf^sJ-l- A>-g-^ ^-f , 

#71 ^A] S ZL ^-Sfe A ^ #71 ^Al ^o] 0>Elll4 

^ ^ /«d^fl #-i-s] *fl\t ojs. cj-oj ^(Singular Value)*! fi^** = °>~ > n t ~* , 

Ki 

*fl^ Aljrtfl ^Hl( 2cr 2 )7l- ^^lZL, 

#7l ^-€fl^ *fl^ Al^cfl Aj-o.ti]^ ^ ^fl-^ a$^A>7> #71 ^A] SZL 

^£«1 nfl 711^^0] 

3* -IHSiLS §>fe ^f-^J AliE^oflA-1^ ^-g- ^Al W o V^ 
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[51 11 

Si! 31 
(100) 



(180) 



(170) 



2] 



(120) 

miJ^/H2j^P(i30) 
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CilOlEH (190) 



£!2CH ©gdl (160) 



231 (140) 



3| (150) 



82 
(220) 



(200) 




(230) 



£Tgbl (210) 



i!2dl Qgui 
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5] 
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std2 
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std3 
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std7 
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7] 

asm 
sai yew/a 



^R S2 ^=ai 

CM agai Gj|0|g 

(511) 



2JEII Lt/3 5/¥5Sl 

ssr±i (517) 



Sioii caE $t! 
eiioig 

(513) 



i!2CH es 
3 HSSxf 



3^ 



g£!3§5 (515) 



V 



8] 

CfOIHUIEI 4=£! £3 ¥EUl gfi 
DPHS^ ?§:>| (630) 



Bar *Hg oi= 

3£PI (631) 



iPI (632) 



[£ 9] 

□IPHS^ SS^I (640) 



3# *H£ 0| = 
3£PI (641) 



*PI (642) 
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[5L 10] 



DIE] §si*i ^ 
53 ££te H2l£3S 2£ 



SI 00 



^d?i?t » mm iaaa £3 

SJ aSJlH Sd ^QIUS^EJ bSSH ^d 



S1 10 



SI 20 



SI 21 



SI 22 



A; ' °jd 

m'=zzM 



S 



OOIUUIEJ 3d2J 4^d d£ 



Singular Value 83 6? 
H ; = U,D,V* 

= rtn singular value of H, 



St 23 



%l_y DSS £d2j ^d d£ 



SI 24 



DOIUUiem S2f Og& Sd2] <^d d£CH 5TSUI2I §2 a? 232*9 
S£E*rS £d?l£ 9N» 



SI 30 



SI40 



SI41 



32 ^d d£r_H ^gHi atat oiei s«Hd °raiu 

/£i ST^OII S2*l 32 ^d d£CH 5T 
gbl *KHI C&£ P_mean *)d 



S142 



^d d£CH £Tgd|2J H£B*HHI COS 3 

d 23 a^p_std?iid 



SI 43 



*d 33 p jtx=p^j| lot *P_m earn P-std 



SI 44 




S145 



ad^PI e^ra GllOleJS ^d?l£ £j£ 



SI 50 
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